The varieties of perennial ryegrass (Lolium perenne) infected with the endophytic fungus Neotiphodium lolii contain several classes of toxic alkaloids, including ergopeptide alkaloids and lolitrem alkaloids. Lolitrem B, a potent tremorgen, is generally considered to be the predominant alkaloid in endophyte-infected perennial ryegrass. Ergovaline, a vasoconstrictor normally associated with endophyte-infected tall fescue (Festuca arudinacea), is also present in endophyte infected perennial ryegrass. Clinical signs of animals ingesting endophyte-infected perennial ryegrass are consistent with the presence of lolitrem B. However, clinical signs normally associated with ergovaline poisoning are not usually observed in animals ingesting endophyte-infected perennial ryegrass. A survey was conducted to quantitate both lolitrem B and ergovaline in 459 perennial ryegrass straw samples received at the Oregon State University College of Veterinary Medicine. Samples were analyzed for each alkaloid using separate high-performance liquid chromatography analyses. A strong positive correlation between the 2 alkaloids (r 2 ϭ 0.7335) was observed, especially in the samples containing Ͻ3,000 ppb (ng/g) lolitrem B. The threshold levels above which clinical signs typically occur are 2,000 ppb lolitrem B and 300-400 ppb ergovaline. All of the samples analyzed contained Ͻ425 ppb ergovaline.
Perennial ryegrass (Lolium perenne) infected with the endophytic fungus Neotiphodium lolii contains at least 2 different classes of toxic alkaloids. The predominant group is the lolitrem alkaloids, which are well characterized and are potent tremorgens. The major alkaloid present from this group, lolitrem B, is believed to cause the clinical syndrome of ryegrass staggers in animals ingesting endophyte-infected perennial ryegrass. 13, 14, 18 The second group of toxic alkaloids present in endophyte-infected perennial ryegrass is the ergopeptine alkaloids. 3, 17 Ergopeptine alkaloids are also present in tall fescue (Festuca arudinacea) infected with the endophytic fungus Neotiphodium festuca, with ergovaline being the predominant alkaloid. 1, 2, 15, 24 Ergovaline is considered to be a causitive toxin for diseases such as summer slump, a syndrome associated with tall fescue and characterized by poor growth and increased sensitivity to heat stress. Fescue foot, fat necrosis, and equine reproductive problems have also been reported. 7, 8, 20, 22 Although it is generally accepted that endophyte-infected perennial ryegrass contains both ergovaline and lolitrem B, 4 only the clinical signs of staggers associated with lolitrem B are observed in animals ingesting endophyte-infected perennial ryegrass.
Oregon has a large grass seed industry, of which endophyte-infected perennial ryegrass and tall fescue are a large proportion. Traditionally, after the seed harvest, straw residue was disposed of by field burning.
Because of environmental and safety concerns, field burning is being phased out, and an increasing amount of endophyte-infected straw material is being baled and sold as animal feed, both locally and for export. The presence of toxic alkaloids in this feed source led to the establishment of a testing service. The Oregon State University College of Veterinary Medicine Veterinary Diagnostic Laboratory has been analyzing clinical feed samples for ergovaline since 1993 and for lolitrem B since 1995. Recent changes in the regulations governing export of straw material now require that this material be tested for both of these toxic alkaloids. In 1998, there was a dramatic increase in the number of straw samples submitted to the college for analyses. During the 6-month period from March to August 1998, Ͼ400 perennial ryegrass straw samples were received from bales eventually destined for export. This large sample base provided an opportunity to evaluate levels of both lolitrem B and ergovaline in perennial ryegrass and to look for a relationship between the 2 alkaloids.
Materials and Methods

Sample selection
All samples that were submitted to the Oregon State University College of Veterinary Medicine (OSU-CVM) during the specified 6-mo period and that could be identified as perennial ryegrass straw were considered for inclusion in this survey. Acceptable samples consisted of known perennial ryegrass straw that had been air dried in the field. Samples of unknown or mixed grass types were not included in the final data set. Also, neither fresh pasture samples nor feed pellets were included. Each sample was analyzed in duplicate for both ergovaline and lolitrem B.
Lolitrem B analysis
Reagents and solutions. High-performance liquid chromatography (HPLC) grade acetonitrile, methanol, and chloroform were purchased from commercial sources. a The extraction solution of chloroform : methanol (2:1 v/v) was prepared and stored indefinitely. The reconstitution solution of chloroform : acetonitrile (4:1 v/v) was prepared and stored indefinitely.
Instrumentation. Equipment consisted of a binary HPLC pump b (0.75 ml/min), an autosampler b (50 l injection volume), and a fluorescence detector b with a 7-l flow cell ( ex ϭ 268 nm; em ϭ 440 nm; response ϭ 2). Data collection was via a PC-based data system. c A Hypercarb pH column d (100 ϫ 3.2 mm, 7-m particle size) was used in conjunction with a guard column cartridge (10 ϫ 4 mm) with similar packing.
Mobile phase. Mobile phase A consisted of chloroform : methanol (95:5), and mobile phase B consisted of acetonitrile : methanol (95:5). Each was made by measuring the methanol into a volumetric flask and diluting it to volume with the appropriate solvent. The column was equilibrated with 40% A. After injection, the solvent was ramped linearly to 80% A in 4 min, held for 4 min, ramped linearly to 100% A in 2 min, held for 6 min, and then returned to 40% A linearly, over 3 min. Cycle time between injections was 24 min.
Sample preparation. Dry plant material was ground in a sample mill e to pass through a 1-mm screen. A duplicate subsample of the ground plant material (0.200 g) was weighed into a 12-ϫ 75-mm polypropylene culture tube. a The extraction solution was added to the tube (3 ml), and the tube was capped and rotated on a hematology chemistry mixer a for 24 hr in the dark. The solids formed a sediment by centrifugation f at 1,700 ϫ g for 5 min, and 1.8 ml of supernatant was transferred to a clean polypropylene culture tube. The solvent was evaporated under a flow of nitrogen at ambient temperature, and the residue was dissolved in 0.50 ml of the reconstitution solution. The extract was filtered g (0.2 m) into small-volume inserts in 12-ϫ 32-mm amber autosampler vials. h Standards. A batch of seed, assayed by another laboratory to contain 6,800 ppb lolitrem B by comparison with an authentic lolitrem B standard, j was mixed with endophyte-free seed that gave no detectable lolitrem B by this method. This mixing process resulted in seed standards ranging from a minimum of 504 ppb lolitrem B to the maximum of 5,900 ppb. These standards were used for sample runs, to assay other batches of high-endophyte seed for use in preparing further sets of standards, and to assay batches of moderately infected seed and straw for use as controls. After establishing the value of the control batches of seed and straw (3,537 and 2,197 ppb, respectively), they were run with every batch of samples.
Ergovaline analysis
The quantity of ergovaline in straw samples was determined using the previously published method. 6, 16 Plant tissue was dried and ground as described above and then weighed into a screw cap tube. After addition of concentrated ergotamine k (internal standard solution), chloroform, and sodium hydroxide, the samples were extracted for 24 hr and then centrifuged as described above. Ergosil solid phase extraction l (SPE) columns were conditioned with chloroform before the supernatant was transferred to an SPE column fitted onto a vacuum manifold. The extract was drawn through the column slowly followed by washing with a chloroform : acetone mixture and then methanol. The ergopeptine alkaloids were eluted with methanol, concentrated, and then analyzed with an HPLC system. The column was divinyl benzene, m and the mobile phase was acetonitrile : 2.5 mM ammonium carbonate (70:30 v/v) run at a flow rate of 1.0 ml/min. Detection was by fluorescence, with excitation and emission wavelengths of 250 and 420 nm, respectively.
Statistical analysis
The within-run control data was calculated from replicate samples (2-6) within each run. Between-run data were calculated using all individual values. All data were processed using commercial software packages, c,n,o with linear regression analysis performed by the least-squares method.
Results
The precision of each assay was evaluated by determining the between-run and within-run percentage coefficient of variation for controls (Table 1) . For the ergovaline assay, the control was a large batch of ground straw. Concentrations reported here for the ergovaline control compared well with previously reported values. 6 The lolitrem B assay utilized 2 controls, a large batch of ground seed and a large batch of ground straw. Use of the straw control was initiated during the time period of interest, hence the smaller n value. Four hundred fifty-nine ryegrass samples submitted to the OSU-CVM fit the conditions of this survey. Results of all the data analyses are shown in Fig. 1 . The ergovaline and lolitrem B concentrations were significantly and positively correlated (P ϭ 0.001, r 2 ϭ 0.7335). There was an even distribution of sample concentrations throughout both the ergovaline and the lolitrem B concentration ranges; 19 samples did not contain any measurable ergovaline or lolitrem B.
Discussion
It has been suggested that endophyte-infected ryegrass containing more than 2,000 ppb of lolitrem B will cause clinical disease in sheep and cattle. 9, 12, 23 The amount of ergovaline that causes clinical disease varies for different species, and the role of other ergot alkaloids is less defined. It has been suggested that 200-350 ppb ergovaline will cause clinical disease in cattle, especially if they are heat stressed. 5, 16, 21 However, in another study, 19 475 ppb ergovaline produced no clinical symptoms. The OSU-CVM has established a range of values that appear to be the threshold con-centrations associated with clinical signs in various animal species (Table 2) . 23 The concentration of lolitrem B in ryegrass straw samples is greater than that of ergovaline ( Fig. 1) . Thus, even though the concentration of lolitrem B, which typically causes staggers, is larger than the concentration of ergovaline, which causes fescue toxicosis, the toxic level of lolitrem B is reached before the toxic level of ergovaline is reached. Of the 459 samples tested, 71 had lolitrem B concentrations Ͼ2,000 ppb. Of these 71 samples, only 4 had ergovaline concentrations Ͼ400 ppb, but these concentrations were still Ͻ425 ppb. An additional 14 samples had lolitrem B concentrations Ͼ2,000 ppb and ergovaline concentrations between 300 and 400 ppb. These ergovaline levels may be a problem for horses but would not cause a clinical problem for cattle or sheep under normal circumstances. However, at 2,000 ppb of lolitrem B, all 3 species would exhibit ryegrass staggers. Only 1 sample had a high level of ergovaline and a subthreshold level of lolitrem B (357 ppb ergovaline, 1,829 ppb lolitrem B). The data in Fig. 1 suggest that ryegrass straw, which would cause staggers, is not likely to have enough ergovaline to be toxic to sheep, only has a slight chance of containing enough ergovaline to be toxic to cattle, and has a slightly greater chance of containing enough ergovaline to be toxic to horses. Presumably, this variation in toxic effect is why ryegrass staggers develops before any clinical signs from the ergovaline toxicity are observed.
Because the data presented herein were derived from ryegrass straw grown in the Pacific Northwest region of the USA, these results may not be applicable to seed, fresh plant material, or ryegrass grown in other parts of the world. There are few quantitative reports measuring both ergovaline and lolitrem B values in plant issue, especially under typical field growing conditions. In a recent study conducted in pastures in southern New Zealand, alkaloid concentrations in ryegrass were consistent with those reported herein. 10, 11 Summer pasture values for freeze-dried samples were 300 ppb ergovaline and 1,200 ppb lolitrem B. Under greenhouse conditions, ryegrass has been reported to contain 470 ppb ergovaline and 2,290 ppb lolitrem B. 11 Because all of the straw samples included in the present survey were allowed to dry in the field and because there is some loss of alkaloids during the drying period, 2 these fresh grass samples could produce straw very similar to that included in the present survey.
Analysis of the 459 ryegrass samples collected from Oregon straw indicated that when 2,000 ppb of lolitrem B is reached, approximately 175 ppb ergovaline is present. This observation suggests that staggers will be the first clinical sign observed when animals ingest endophyte-positive perennial ryegrass.
